Polymer blending provides an efficient way to develop new materials with improved properties while preserve the primary properties of the materials at lower cost. The blends recycled high density polyethylene (rHDPE) and recycled polypropylene (rPP) with and without maleic anhydride polypropylene (MAPP) have been investigated. The effect of different blend ratios on tensile properties, morphology and melt flow index were studied. The tensile strength and modulus of elasticity of both blends increased with increased of rPP in the blend ratios but the elongation at break decreased. It was found that the tensile strength and modulus of elasticity of compatibilized rHDPE/rPP blends higher than uncompatibilized blends. The SEM micrograph of tensile fractured surface of compatibilized blends showed better interfacial adhesion and interaction between rHDPE and rPP. The melt flow index of compatibilized blends showed better flowablity than uncompatibilized blends.
Introduction
For the last decades, there was significant increase in worldwide population as well as the requirement to adopt better living conditions which consequently lead to a great increase in the plastic consumptions [1] . Polyolefin such as high density polyethylene (HDPE) and polypropylene (PP) are the major types of thermoplastics used around the world in many applications [2] . Plastics consumption that increased every year had result in the rise of virgin plastic prices and as a possible solution the plastic wastes were recycled. Recycled plastic wastes are able to reduce consumption of resources, direct and indirect emissions and to produce environmental-friendly products that meet the same properties as conventional products [3] . By recycling plastic waste, energy and carbon dioxide (CO 2 ) were preserved by avoiding the oil extraction process and polymer manufacturing. Hence, recycling plastic waste is the best choice in managing environmental issues [3] . However, plastic waste separation into individual polymers and complete sorting involve higher cost [4] . Recycling of plastic waste can be done by blending the polymers which will provide enhanced properties of the blends. Blending plastic waste is an efficient way in amending products with optimized blends properties while maintaining the primary properties of the material [4, 5] .
Blending of chemically different polymers is an important tool in industrial production for tailoring products with optimized material properties. Performances of polymer blends depend on the properties of polymeric components, as well as how they are arranged in space. One of the most basic questions in the blends is whether or not the two polymers are miscible or exist as a single phase; most blends of high molecular weight polymer exist as two phase materials [6] . Blends of polypropylene (PP) and polyethylene (PE) have become a subject of great economic and research interest because of the need to improve the processing and properties of PP as an engineering plastic due to its relatively low impact strength at low temperature and poor environmental stress cracking resistance. Blends of PP with linear low density polyethylene (LLDPE), very low density polyethylene (VLDPE) and ultra low density polyethylene (ULDPE) have been reported [7] [8] [9] . Since PP and HDPE are hydrophobic, the blends become incompatible towards each other. The incompatibility of PP and HDPE blends leads to poor adhesion which consequently results in poor mechanical properties. However, these drawbacks can be solved by incorporating compatibilizer into the blends [10] [11] [12] .
The aim of this research is to investigate the effect of blend ratios of rPP and rHDPE blends on tensile properties and melt flow index. In order to improve the properties of the blends, the maleic anhydride polypropylene (MAPP) was used as compatibilizer.
Methodology
Materials. The recycled high density polyethylene (rHDPE) and recycled polypropylene (rPP) were obtained from SLT. Plastic Sdn. Bhd., Penang, Malaysia. The density of rHDPE and rPP were 0.92 g/cm 3 and 0.9 g/cm 3 . Melt flow index (MFI) of rHDPE and rPP were 0.93 g/10min and 4.03 g/10min at 230°C, respectively. Table 1 show the formulation of rHDPE/rPP blends with different ratio. Mixing Procedure. The rHDPE/rPP blends were prepared using twin screw extruder. The temperatures in all three zones of the extruder and die exit were set to 190°C, and the speed was set at 180 rpm, with a screw L/D ratio 30:1. The extrudates were fed directly into the pelletizer. Then, the samples were compress with compression molding. The compression molding procedure involved preheat at 190°C for 3 minutes, compress for 2 minutes and followed by cooling at 4 minutes.
Tensile properties.Tensile test were carried out according to ASTM D638 temperature using Instron machine model 5566. The test was conducted at crosshead speed 10 mm/min with temperature 25± 3°C. The tensile stress was applied until the failure of the sample and stress strain curve was obtained. The 5 samples were tested for each blend ratio and average results have been reported.
Melt flow index. Melt flow index measurement was carried out according to ISO 1238 using GoTech MFI machine. The die diameter and length were 8 mm and 2095 mm, respectively. The entry angle was 180°. The testing temperature was set at 230°C with load 2.16 kg. Melt flow index (MFI) values of the blends were measured and recorded.
Morphology.The morphology of tensile fracture surfaces of blends were examined with scanning electron microscope (SEM) model JEOL 6460 LA. The fracture surfaces of the samples were sputter coated with thin layer of palladium before analyzed to avoid electrostatic charging during examination.
Result and Discussion
Tensile properties. Figure 1 shows the result from tensile strength of uncompatibilized and compatibilized rHDPE/rPP with different blend ratios. The tensile strength of rHDPE/rPP blends increased with increasing rPP content. The increased value of tensile strength was due to the addition of rPP that had influenced the strength of the blends rPP have a rigid short methyl group attached to
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Advanced Materials Engineering and Technology II every second carbon atom of the polymer chain, which restrict rotation of the chain producing a stronger but less flexible materials compared to rHDPE, whereas show elastic behavior. It can be seen that rHDPE have lower strength than rPP. In the other hand, the result shows the behavior of uncompatibilized blends is intermediate between their pure polymers. From Figure 1 , it shows the increasing of rPP content from 20 to 50 php there will be change the behavior from soft to hard. At similar blend ratios, the tensile strength of compatibilized blends is higher than uncompatibilized blends. The higher tensile strength of compatibilized rHDPE/rPP blends was attributed to the improvement in interfacial adhesion between rHDPE and rPP with the presence of MAPP. The application of compatibilizer in blends was used to overcome the dispersion problem and enhance the polymer tensile properties of blends by improving the adhesion at interface. The effect blend ratio on elongation at break of uncompatibilized and compatibilized is shown in Figure 2 . It was found that the increased of rPP content has reduced the elongation at break of the blends. It can be seen that pure rHDPE have higher elongation at break than pure rPP. The addition of rPP has reduced the elongation at break of uncompatibilized rHDPE/rPPblends, due to the fact rPP is rigid as compared to rHDPE. The comparison of both blends exhibit that the elongation at break of compatibilized rHDPE/rPP blends higher than uncompatibilized rHDPE/rPP blends. This attributed that as an improvement of the adhesion due to the presence of MAPP between the two phases. Figure 3 presents the modulus of elasticity of uncompatibilized and compatibilized rHDPE/rPP blends. The both blends show increased modulus of elasticity with increasing of rPP content in blend ratios. The increase of modulus of elasticity of uncompatibilized blends due to the modulus of elasticity of pure rPP is higher that pure rHDPE, hence influence the modulus of elasticity of blends. However, the compatibilized blends have higher modulus of elasticity compared to uncompatibilized blends. This is due to the interaction between rHDPE and rPP improved the interfacial adhesion with the addition of MAPP.
Melt flow index. Melt flow index is a measurement of melt flow behavior of polymer. It is also described as weight of polymer in grams flowing in 10 minutes through a capillary of specific diameter and length by a pressure applied by prescribed alternative gravimetric weight under prescribed temperature [14, 15] . Figure 4 shows the MFI value of the uncompatibilized and compatibilized blends of rHDPE/rPP. From Figure 4 , it shows that the increasing of rPP content from 20 to 50 php had change the melt behavior of the blends. The MFI value of uncompatibilized blends increased with rPP content increases. This is due to the incorporation of rPP that have high melt flow index compared to rHDPE give effect to flowability of blends. At similar blend ratios, the compatibilized blends has higher melt flow index due to the presence of MAPP that give the mobility to the short parts of the chain or side groups which within restricted free volume leads to small changes in the polymer properties and ease the melt flow. Morphology study. Figures 5 and 6 showed the scanning electron micrograph of tensile fractured surfaces of uncompatibilized and compatibilized rHDPE/rPP blends at composition of 50/50. Figure 5 present the uncompatibilized rHDPE/rPP blends which is completely incompatible as there is some phases are grossly separated and shows rough surfaces. The morphology of immiscible polymer blends depends on the component, ratios, component melt viscosities and processing conditions. In most heterogenous system morphology where by one phase is distributed in another phase is observed [10, 13] . In Figure 6 , the compatibilized blend of rHDPE/rPP exhibits smooth failure surface was observed where the interfacial adhesion between domains and continuous phases were improved with the incorporation of MAPP into the blends. It is possible to verify that the presence of MAPP exhibit the surface more homogenous confirming its effect on promoting adhesion in the interfacial region. 
Conclusion
The effect of rPP content has increased the tensile strength and modulus of elasticity but reduced the elongation at break of rHDPE/rPP blends. At similar blend ratios, the compatibilized blends had higher tensile strength, elongation at break and modulus of elasticity compared to uncompatibilized blends. The morphology of the compatibilized blend shows better interfacial adhesion between rHDPE and rPPwith the presence of MAPP. The melt flow index of compatibilized blends show higher MFI value compared to uncompatibilized blends.
